February 8, 2008 23:48 Proceedings Trim Size: 9in x 6in 



proc'tvc 



ELECTROMAGNETIC FORM FACTORS OF HYPERONS IN 
A RELATIVISTIC QUARK MODEL 



T. VAN CAUTEREN f T. CORTHALS, S. JANSSEN AND J. RYCKEBUSCH 

Ghent University, B-9000 Gent, Belgium 

D. MERTEN, B. METSCH AND H.-R. PETRY 

Helmholtz-Institut fur Strahlen- und Kernphysik 
Bonn University, D-53115 Bonn, Germany 



The relativistically covariant constituent quark model developed by the Bonn group 
is used to compute the EM form factors of strange baryons. We present form-factor 
results for the ground-state and some excited hyperons. The computed magnetic 
moments agree well with the experimental values and the magnetic form factors 
follow a dipole Q 2 dependence. 



1. Motivation 

The photo- and electroproduction of mesons from the nucleon is a process 
in which both electromagnetic and strong interactions occur. One particu- 
larly interesting process is the electroproduction of kaons, where a strange 
quark/antiquark pair is produced from the QCD vacuum. Data from Jef- 
ferson Lab have recently been published , but an appropriate theoretical 
description using isobar models is still lacking. One of the main uncer- 
tainties in these models is the incompleteness or absence of any knowledge 
about the form factors, strong or electromagnetic, of the nucleon and hy- 
peron resonances. This work focusses on the latter. We have used the 
constituent quark (CQ) model developed by the Bonn group to calculate 
the electromagnetic form factors of ground-state hyperons and the helicity 
amplitudes of hyperon resonances. The Bonn CQ model is Lorentz covari- 
ant and is therefore well suited to describe baryon properties up to high 
Q 2 , which involve large recoil effects 2 . 
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2. EM Form Factors in the Bethe-Salpeter Approach 
2.1. The Bethe-Salpeter Equation 

The Bethe-Salpeter (BS) amplitude x F is the analogue of the wave function 
in the Hilbert space of three quarks with Dirac, flavor and color degrees 
of freedom. Starting from the six-point Green's function, in momentum 
space, the following integral equation for the BS amplitude can be derived : 

Xp = -*G oT (k^+K^ X p. (1) 

This expression incorporates all features of the model. It is Lorentz co- 
variant in its inception, and the integral kernel is the product of the free 
three-quark propagator G ^ and the sum of all three- and two-particle in- 

(3) ~( 2 ) 

teractions KL ' + K F . The free three-quark propagator is approximated 
by the direct product of three free CQ propagators. We use a linear three- 

(3) 

quark confinement potential for K—' and the 't Hooft instanton induced 

-(2) 

interaction for Kp . Both interactions are assumed to be instantaneous. 

Once the BS amplitudes are known, one can calculate any matrix el- 
ement between two baryon states, provided that the operator is known. 
When computing electromagnetic form factors, the operator of interest is 
the electromagnetic current operator. We use the operator jfjj = ^qj^, 
which describes the photon coupling to a structureless CQ in first order 
of the electromagnetic interaction. \& and \I> are the CQ destruction and 
creation operators and q is the CQ charge operator. The current matrix el- 
ement (CME) is then computed in the c.o.m. frame of the incoming baryon 
(P = M) according to : 



;p|j"|M)~-3 



d 4 [^(Pi-p 2 )] d 4 [\ (p 1 +p 2 -2p 3 )] 
(2tt) 4 (2tt) 4 



x rp- s F ( Pl ) ® s 2 F ( P2 ) ® [s 3 F ( P3 + q ) q rs F (P3)} r| f , (2) 

where T and T are the amputated BS amplitude and its adjoint, and S F is 
the z'th CQ propagator 2 . 

2.2. Form Factors and Helicity Amplitudes 

The electromagnetic properties of particles are usually presented in terms of 
form factors, which are functions of the independent scalars of the system. 
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The most frequently used expression for the spin- 1/2 EM- vertex is : 



(B',P ,\'\jZ(0)\B,P,\) = e« v (P)I> A (P) 



2M„ 



MP), (3) 



where we have introduced the Dirac and Pauli (transition) form factors 
F B B and F B B , and the anomalous (transition) magnetic moment kb>b- 
Often, the elastic form factors of the ground-state hyperons are expressed 
in terms of the Sachs' electric and magnetic form factors : 



G B (Q 2 )=F B (Q 2 )- 



4M B M t 



pB(n 2, {B,P ,\\j$mB,P,\) 



V4M£ + Q2 



(4) 



GfAQ 2 ) = F B {Q 2 ) + ^bF b {Q 2 ) = ( B > P >MmB,P, |) (s) 



2VQ 2 

The response of hyperon resonances is commonly expressed in terms of 
hclicity amplitudes, which are directly proportional to the spin-flip (Ai/ 2 
and A3/2) and non-spin-flip (C1/2) CME's, with proportionality constant 



2M*(M' 2 -M 2 ) ' 



3. Results and Conclusions 



Table 1. Static electromagnetic properties of the ground-state hyperons. 
Magnetic moments are given in units of /ijv , square radii in units of fm 2 . 



Y 




,,calc 

H-Y 


< r ll > 


<r%> 


A 


-0.613 


-0.61 


0.40 


0.038 


S+ 


2.458 


2.47 


0.69 


0.79 


s° 




0.73 


0.69 


0.150 


E- 


-1.160 


-0.99 


0.81 


0.49 


|E° -> A| 


1.61 


1.52 


1.96 


-0.120 


H° 


-1.25 


-1.33 


0.47 


0.140 




-0.65 


-0.57 


0.38 


0.47 



In Tables 1 and 2, we summarize the obtained results for the static 
properties of the ground-state hyperons and resonances respectively. The 
magnetic moments are generally in very good agreement with the exper- 
imental values. The electric mean-square radius of the E~ is in agree- 
ment with the values of 0.91 ± 0.32 ± 0.40 fm 2 of Adamovich et al. 5 and 
0.60 ± 0.08 ± 0.08 fm 2 from Eschrich et al. 6 . The decay widths of the 
hyperon resonances are poorly known. However, from Table 2 it is clear 
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that the one for the A(1405) is badly reproduced in our model, which may 
indicate the special nature of this resonance 7 . 



Table 2. Static electromagnetic properties of the hyperon resonances for 
which experimental results are available. Photo-amplitudes are given in units 
of 10~ 3 GeV -1 / 2 and widths in units of MeV. 



y * 


|Ai/al 


\A 3/2 \ 


^calc 


Tcxp 


Pia(1385) 


62.8 


108 


1.46 


- 13.9 


S i(1405) 


51.5 




0.912 


0.019 - 0.035 


D 03 (1520) 


5.50 


41.2 


0.258 


0.0876 - 0.166 



The elastic Sachs' electric and magnetic form factors of the ground- 
state hyperons, as well as the transition Dirac and Pauli form factors of 
the E° — > A transition, are presented in Ref. 4 . There it is shown that the 
magnetic form factors have a dipole dependence on Q 2 with cutoffs ranging 
from 0.79 to 1.14 GeV. We also observed that some electric form factors 
change sign at a finite value of Q 2 . 

The results for the helicity amplitudes of two to A decays are dis- 
played in Fig. 1. For the P O i(1600), the A\i% peaks at a finite value of 
Q 2 . Accordingly, our results indicate that resonances which are of minor 
importance in photoproduction reactions can play a major role in the cor- 
responding electroproduction process. 
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Figure 1. Helicity amplitudes A1/2 and C1/2 for the Poi(1600) (full line) and the 
Poi(1810) (dashed line) resonances. 
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